Introduction
In many low-income countries, hepatitis A virus infects more than 80% of the population by late adolescence [1] . The infection is also common in middle and highincome countries [1] .
The disease caused by hepatitis A virus is usually more severe with increasing age. Hepatitis A virus is mostly transmitted from person to person by the faecal-oral route, however, common source outbreaks related to contaminated water or food occur. High risk groups include persons with chronic liver disease, men who have sex with men, people who inject drugs, travellers to countries where hepatitis A is endemic and children in communities with consistently elevated rates of hepatitis A infections [2] .
The long-term impact after the introduction of new immunisation programmes is dependent not only on the vaccine itself, but on vaccination coverage and its sustainability as well. Hepatitis A vaccine is highly effective when given in two doses, six to 12 months apart [3] . Furthermore, in Argentina, the recent introduction of a single dose of hepatitis A vaccine in the universal immunisation plan to 12 months-old children resulted in a profound impact on disease in all ages with a magnitude comparable to that of a two-dose schedule within a short time [4] . No data on long-term population impact of hepatitis A national immunisation plan (NIP) exist, not enabling long-term definitive predictions [5] . The 2012 World Health Organization (WHO) position paper on hepatitis A vaccines stated that following its introduction, the assessment of hepatitis A vaccine impact is important, using information on morbidity generated by surveillance and study data [6] .
Until 1999, Israel was considered a country with intermediate hepatitis A endemicity [7] . Between 1993 and 1998 incidence rates were 30 to 70 per 100,000 population, with higher rates in the non-Jewish population [8] . The first hepatitis A vaccine licensed in Israel was in 1996 [8] . Initially, vaccines were used sporadically, except for targeted vaccination in the Israeli military that started in 1997 [9] . In July 1999 however, Israel was the first country to introduce hepatitis A vaccine to its NIP as a two-dose schedule, at ages 18 and 24 months, with no catch-up campaign. We previously reported the early impact of the programme, five and a half years after its introduction [8] . In brief, the annual incidence declined by 95% or more when comparing the period from 2002 to 2004 to that between 1993 and 1998.
The decline was most prominent in the vaccinated age group (1-4 years), but was remarkable in all age groups, demonstrating herd protection. Other studies, based on records of a large health maintenance organisation in Israel, showed a reduction of 88% in hepatitis A incidence from 1998 to 2004 and of 95% from 1998 to 2007 [10, 11] .
We report here on the long-term (14 years) impact of the toddlers-only universal hepatitis A two-dose vaccination programme initiated in 1999 on hepatitis A incidence in all ages in Israel.
Methods
Acute infectious hepatitis has been notifiable by law since 1950 in Israel and hepatitis A cases have been reported separately from other infectious hepatitis cases since 1993 [8] . The Division of Epidemiology at the Ministry of Health collects and reviews reports from all districts and collates data weekly and annually. While there is no official criteria for the diagnosis of hepatitis A disease, reports of cases will usually be discarded unless there is a positive laboratory test result for anti-hepatitis A virus IgM antibodies or epidemiologic linkage with a previous serologically-confirmed case [8] . The passive surveillance system and diagnosis methods remained unchanged during the time between 1993 and 2012. For the present study, reports of hepatitis A from 1 January 1993, through 31 December 2012 were reviewed. Data on total population size, as well as age-specific and ethnicity-specific populations, were taken annually from the Israel Central Bureau of Statistics reports for the appropriate years. Age was divided into six groups (< 1 year, 1-4, 5-9, 10-14, 15-44, ≥ 45). Due to differences by ethnicity in socio-demographics and in hepatitis A incidence dynamics before the introduction of the vaccine, ethnicity was classified based on being from Jewish (ca 80%) or non-Jewish populations [8] . The non-Jewish population includes mostly the Moslem Arab population. Overall and age/ethnicity specific annual incidence rates per 100,000 population were calculated.
Data on vaccination coverage of first and second doses by year, district and ethnicity were calculated based on reports provided to the Division of Epidemiology from all 15 public health districts in Israel, as previously reported [8] . In Israel, ca 95% of all routine immunisations are given free of charge in public sector motherchild health centres. Immunisation coverage rates are based on doses of specific vaccines given in these centres per number of newborns residing in each of the 15 public health districts. In eight districts with a large number of annual births, a systematic 16.7% sample of newborns (i.e. those born every sixth calendar day) is selected for calculation of coverage. The vaccination coverage for the first hepatitis A vaccine dose is calculated at the age of two years and for the second dose at the age of three years. 
Results

Vaccine uptake
Hepatitis A incidence
The overall pre-vaccination hepatitis A incidence in the years from 1993 to 1998 was 50.4 per 100,000. Shortly after the initiation of the programme in July 1999, a sharp decline in incidence occurred within the following three years reaching 2.3 or less per 100,000 after 2002 [8] (Figure 2) . From 2008 to 2012, the rates remained stable with a mean of < 1.0 per 100,000. This represents a persistent reduction of > 98% compared with the pre-vaccine period (p < 0.001; chi-squared test). The incidence decline in hepatitis A morbidity was evident in all age groups and in both Jewish and non-Jewish ethnic groups (Figure 3) . The start of the routine vaccination programme is marked by an arrow. Incidence/100,000 inhabitants which comprised ca 15% of the cases including the index case, was identified (data not shown).
Of the 1,247 cases reported nationwide between 2002 and 2012, vaccination status could be ascertained in 1,108 (88.9%). Of these, 1,085 (98%) were not vaccinated, and 20 (2%) had received one dose. Only three cases (<1%) were reported to be vaccinated with two doses before onset of illness. The latter three cases were adults, with questionable verification of vaccination status in two cases, and immunosuppression in the third one [12] .
Discussion
We show sustained success of the Israeli NIP in almost complete elimination of hepatitis A morbidity and transmission. Our findings are of universal importance since Israel was the first country to include hepatitis A vaccine into the NIP in 1999. The differences in hepatitis A incidence by ethnicity prior to the NIP were eliminated. The sustained reduction was evident in all ethnicity groups, thus showing the potential of a vaccination programme to reduce health disparities, as was shown in Arizona, United States [13] .
Sporadic cases occured, mostly in high-risk individuals and most commonly among travellers to endemic areas outside Israel [14] .
Further support for this reported reduction stems from the elimination of hepatitis A outbreaks in school children during the study period, from a range of eight to 48 outbreaks in the southern district between 1993 and 1998 to zero outbreaks in the period from 2001 to 2005 [15] . Only one outbreak with more than five cases (n = 80) occurred during the entire period, which occurred mainly among young adults (in the county with the lowest vaccination rate).
The vast majority of cases in our study had not received hepatitis A vaccinations in the past, while hepatitis A
Figure 3
Annual incidence rates of hepatitis A per 100,000 population, by specific age and ethnic groups, Israel, 1993 Israel, -2012 In each panel, the start of the routine vaccination programme is marked by an arrow. cases among those vaccinated with one dose were rare, pointing to the high protection given by the vaccine on the individual level. Such cases highlight the need to ensure a full vaccination schedule among individuals susceptible to both hepatitis A exposure and vaccination failure [12] . Recent reports suggest memory and persistence of immunity even after one hepatitis A vaccine dose in adults [16] [17] [18] and high short-term effectiveness after one dose only when given to children at one year of age, as part of the NIP [4] .
Jewish population
Additional support to the decline observed in this study, is a similar decline in hepatitis A incidence in Israel Defence Forces soldiers (individuals > 18 years of age), based on the military surveillance system, as well as a decline in the proportion of hepatitis A IgG seropositive recruits with time [9] . Furthermore, the virtual elimination of hepatitis A IgG seropositivity rates in 18 month-old toddlers (pre-vaccination age) living in a previously hyperendemic area after introduction of hepatitis A NIP (from 16.2 to 19.6% in 1991 through 2000 to 0% in 2003 through 2007) suggests that the virus circulation in the community is close to being eliminated [19] .
The rapid decline and sustained very low incidence following the introduction of toddlers-only hepatitis A NIP in Israel, strongly supports the claim that the decline is due to the vaccination programme. Our findings are in line with similar observations in other countries with diverse and heterogeneous epidemiology, including Argentina, Belarus, China, Italy and Spain, where the implementation of routine vaccination of children in one or more age cohorts in all or part of the country was followed by immediate and extensive overall declines in hepatitis A incidence [1] .
Other factors, such as improved hygiene or sociodemographic changes, cyclic trends, and vaccination beyond the NIP, should be considered as possible additional explanations to the declining incidence. However, the immediate and rapid effect post hepatitis A vaccine introduction speaks for only a small, if at all, role of these factors in the events. Cyclic pattern of disease incidence with peaks every five to 10 years has been noted in some low-income countries with temperate climates [1] . In our case, the long-term 14 years follow-up, makes cyclic trend a very unlikely explanation for this decline. Some individuals were immunised beyond the NIP due to occupational, travel, medical or other reasons. However, the limited scope of this immunisation points against significant contribution to the decline.
The overall benefit to society of the near complete elimination following introduction and maintenance of NIP is extensive. Previous cost-benefit model predicting hepatitis A NIP in Israel during the 1997 to 2014 period showed a societal benefit:cost ratio of 2.54:1 [20] . However, the real benefit was higher than predicted, due to herd protection effect in unvaccinated individuals.
Our study was limited by the passive surveillance system. However, as our surveillance system, reporting and diagnosis methods were mainly unchanged between 1993 and 2012, our data provide strong evidence for the continuous success of the vaccination programme. This was validated in the past with active surveillance [8] . Our vaccination coverage estimation is limited and might be somewhat biased. As the denominator for vaccination coverage estimation is based on births, a number of children residing in Israel and not reported to the Ministry of Health (such as children of immigrants), may have lower vaccination coverage, leading to biased over estimation of vaccination coverage. However, these represent a small minority. Furthermore, since medical service is universal and provided free of charge, we expect similar vaccination coverage in these populations.
A major strength of the current study lies in it being a long-term (20 years) prospective surveillance of hepatitis A incidence, including the six years before initiation of the NIP. An additional strength of the study is its nationwide population-based nature, covering the entire Israeli population, and including age and ethnicity sub-group analyses.
In conclusion, the results of this long-term impact study document that the toddlers-only universal routine two-dose vaccination programme is highly effective, and resulted in the sustained near elimination of hepatitis A in Israel.
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